(19) 



Europaisches Patentamt 
fijjw European Patent Office 
* ~ ^Offic uropeen d s brevets 




(12) 



(id EP 0 613 560 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
21.10.1998 Bulletin 1998/43 

(21) Application number: 92923431.8 

(22) Date of filing: 12.11.1992 



(51) mtCiA G01N 33/564, G01N 33/577, 
C12Q 1/68, A61K 33/30, 
A61K 31/66, A61K 31/16, 
A61K 31/19, A61K 31/44, 
G01N 33/68 

(86) International application number: 
PCT/AU92/00610 



(87) International publication number: 

WO 93/10459 (27.05.1993 Gazette 1993/13) 



(54) A METHOD FOR ASSAYING AND TREATING ALZHEIMER'S DISEASE 

VERFAHREN ZUR BESTIMMUNG UND BEHANDLUNG VON ALZHEIMER-KRANKHEIT 
PROCEDE DE DIAGNOSTIC ET DE TRAITEMENT DE LA MALADIE D'ALZHEIMER 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 1 2. 1 1. 1 991 AU 9438/91 
08.07.1992 AU 3374/92 

(43) Date of publication of application: 
07.09.1994 Bulletin 1994/36 

(73) Proprietor: THE UNIVERSITY OF MELBOURNE 
Parkville, Victoria 3052 (AU) 

(72) Inventors: 

• MASTERS, Colin, Louis 

. Clifton Hill, VIC 3068 (AU) 

• BUSH, Ashley Ian 
Boston, MA 02114 (US) 

• BEYREUTHER, Konrad, Traugott 
D-6900 Heidelberg 1 (DE) 

(74) Representative: Holmes, Michael John et al 
Frank B. Dehn & Co., 

European Patent Attorneys, 
179 Queen Victoria Street 
London EC4V 4EL (GB) 



CD 
o 

CD 

m 

CO 
CD 

o 

□L 



(56) References .cited: 
WO-A-9 1/16629 
AU-A- 3 336 589 
AU-A-8 215 391 



AU-A- 1 169 492 
AU-A- 5 817 390 
US-A- 4 837 219 



SOCIETY FOR NEUROSCIENCE ABSTRACTS, 
vol. 1 7, no. 1 -2, 1 January 1 991 , WASHI NGTON DC 
USA page 1294. A.I. BUSH ET AL. 'Plasma 
amyloid precursor protein is a marker for 
Alzheimer's disease.' 

NEUROBIOLOGY OF AGING, vol.13, no.SUPP, 4 
June 1992, NEW YORK NY USA page S84 A.L 
BUSH ET AL. 'Specific and saturable binding of 
the amyloid protein precursor of Alzheim r,s 
disease by zinc (II).' 
FEBS LETTERS, vol.241, no.1-2, 1988, 
AMSTERDAM NL pages 94 - 98 L. 
AUTILO-G AMB ETTI ET AL. 'The amyloid 
precursor protein of Alzheimer diseas is 
eypressed as a 130 kDa polypeptide in various 
cultured eel types.' 

CYTOGENETICS AND CELL GENETICS; vol.46, 
no.1-4, 1987, BASEL CH page 582. V. BLANQUET 
ET AL. 'In situ hybridization of the beta-amyloid 
protein (APP) cDNA to the vicinity of the 
interface of 21q21 and q22 in normal and 
Alzheimer's disease individuals' 
JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol.266, no.20, 15 July 1991, WASHINGTON DC 
USA pages 12878 - 12883. S. 
NARINDRASORASAK ET L. 'High affinity 
interactions between the Alzheimer's 
beta-amyloid precur or protein and the 
bas m nt membrane form of heparan sulfate 
proteoglycan' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European pat nt granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have b en filed until the opposition f has been paid. (Art. 



no/ 1 \ rr. — 



EP0 613 



560 B1 



SELKOE, D.J. et al. (1988), "Beta-anyloid 
precursor pr tein of Alzh imer disease occurs 
as TTO-to T35- kilodalton membrane associated 
proteins in neural and non-neural tissu s", Proc. 
Natl. Acad. Sci. USA, Vol. 85, pp 7341-7345, 
published October 1988. 
Derwent WPAT online Abstract Accession No. 
92-346529; & J P, A, 04 252 956 (AS A HI CHEM. IND. 
CO. LTD) 8 September 1992 (08.09.92). 



• Derwent WPAT onlin AEstra t Accession No. 
92-346528; & JP, A, 04 252 955 ( ASAHI CHEM. IND. 
CO. LTD) 8 September 1 992 (08.09.92). 

• Derw nt WPAT nline Abstract A cession No. 
92-346527; & J P,A,04 252 954 (ASAHI CHEM. IND. 
CO. LTD) 8 September 1992 (08.09.92). 

• Derwent WPAT online Abstract Accession No. 
92-1 89677; & JP, A,04 1 26 095 (ASAHI CHEM. IND. 
CO. LTD) 27 April 1992 (27.04.92). 



EP 0 613 560 B1 



Description 

The prese^Tir^ention relates to a method of treating Alzheimer's disease in a human by modulating divalent cation 
interaction with APP and a method for assessing neurological function using a formulation of zinc. 

Alzheimer's disease is a progressive dementia characterised by the deposition of amyloid in the intracellular and 
extracellular compartments of the cerebral cortex (Davies et aL, 1988). The extracellular deposits consist of a protein 
or 4 000 relative molecular mass (M r = 4K) referred to as pA4 (Kang et aL. 1987). Molecular cloning and prote.n se- 
quencing studies have shown that pA4 comprises part of the membrane spanning and extracellular domains of the 
amyloid precursor protein (APP). which has features of an integral transmembrane cell surface receptor (King et aL. 

io 1987; Goldgaber et aL, 1987). 

pA4 appears to result from abnormal cleavage of APP Normal cleavage occurs at or near a lysine residue within 

the PA4 sequence (Esch et aL. 1990; Sisodia et aL. 1990; Palmert et aL. 1989). Cleavage at this site would prevent 

formation of the amyloidogenic 0A4 fragment. The enzyme which normally cleaves APP from the membrane surface 

is designated "APP secretase" although it has never been identified. 
is At least one form of APP has been shown to have neutrophic activity, i.e. capable of promoting the survival or 

outgrowth of nerve processes. A disorder in APP processing may account for the loss of certain populations of neurons 

seen in Alzheimer's disease. 

There is now increasing evidence that APP is released from membranes, as part of its normal neurotrophic function, 

by cleavage at a site within the pA4 sequence (lysine 1 6) by APP secretase. As p A4 is produced in Alzheimer's disease. 
20 this indicates that a failure to cleave at this site might be the cause of Alzheimer's disease or at least contribute to the 

progression of the disease. 

There is a need for an assay which is of predictive and diagnostic value in monitoring Alzheimer's disease and for 

any therapeutic interventions therein. Preliminary studies have suggested that the levels of circulatory APP may be 

different in Alzheimer's disease patients compared to normals (Bush et aL 1 991 WO-A-91 1 6628) and that such changes 
25 may be a result of altered APP processing. In accordance with the present invention, it has now been discovered that 

processing of circulatory APP is altered in Alzheimer's disease thus providing a basis for an assay for the disease. 

Furthermore, from work leading up to the present assay, an improved means of treating Alzheimer's disease has been 

discovered based on modulating the interaction between divalent cations and APR 

The presenUnvention is directed towards providing a method for treating Alzheimer's disease in a patient in need 
so thereof comprising subjecting said patient to means for modulating zinc interaction with APP. This aspect of the pr sent 

invention is predicated in part on the discovery that by manipulating the interaction between zinc, and APP, protease 

mediated digestion of APP (Le. APPase activity) is altered. 

The present invention thus provides the use of a zinc binding agent or an agent capable of blocking one or more 

components of a zinc transport system so as to reduce zinc uptake or an agent which reduces the bioavailability of 
35 zinc or an agent capable of suppressing zinc absorption, promoting zinc elimination or blocking the cation binding site 

on APP or on the cation responsive promoter region of the APP gene in the preparation of a medicament for treating 

Alzheimer's disease. 

An elevation in APP levels occurs in Alzheimer's disease. Elevations of APP mRNA are known to occur in the 
brains of sporadic Alzheimer's disease cases and are most likely the pathogenetic event in the amyloidogenesis that 
40 invariably accompanies Down's Syndrome. Increases in APP levels can be induced in normal and Alzheimer's disease 
volunteers, in rats and in PC1 2 cultured cells by extracellular zinc loading. It is demonstrated herein that extracellular 
zinc modulates APP expression. This provides a basis for therapeutic intervention based on modulating divalent cation 
interaction withPAPP. 

By modulating the levels of divalent cations or heparin or any other moiety which can bind the heparin binding 
45 sites on APP (residues 318-331 and around residues 98-105) or any other binding site on APP capable of binding 
these moieties (such as additional zinc or heparin binding sites on APP). the range, type and/or extent of APP cleavage 
can be altered such that incorrect protease-mediated processing of APP can be reduced or inhibited. By "modulate - 
is meant the alteration of the availability of divalent cations and trivalent cations or heparin or any other moiety which 
can bind the heparin binding sites on APP (residues 318-331 and around residues 98-1 05)- or any other binding site 
so on APP capable of binding these moieties (such as additional zinc or haparin binding sites on APP) to bind to APP 
prior to or simultaneously with APPase-mediated cleavage. It has been found that zinc (Zn 2 +) binds to APP at a specific 
and saturable binding site. The zinc binding site on APP was identifi d by enzymatic digestion of purified APP695-fusion 
protein coupled to Zn 2+ -ch lating sepharose. The synthetic peptide repres nting about residues 181-200 of APP, sit- 
uated between the cysteine rich and negatively charged domains of the protein, was shown to bind zinc in a specific 
55 and saturable manner. The intimate involvement between APP and zinc is strongly suggestive of a role of zinc in APP 
processing. APP binds heparin (in a manner analogous to FGF). Heparin has been shown to protect APP from prote- 
olytic digesion, as exemplified using the proteolytic enzyme trypsin. Heparin concentration as low as 100 nM cause a 
marked reduction in the rate and degree of brain APP degradation by trypsin. The brain contains a number of heparin 
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or heparin sulphate containing proteins and thus the int raction of heparin with APP may stabilise APP from proteolytic 
degradation in -vivo It has also been found that zinc effects th kinetics of heparin binding to APR and may increase 
APP affinitylorTeparin 5 to 10 fold. Surprisingly, at low zinc concentrations (abov about 1 urn) the protective effects 
of heparin are abolished. This finding indicates that aberrant zinc levels in-vivo. in the brain intracellular and/or extra- 
5 cellular miltieu. may promote aberrant APP proteolytic processing giving rise to the amyloid protein, and subsequently 
Alzheimer's disease and other disorders associated with amyloid deposition in the brain. 
The mechanisms behind zinc abolishing the protective effects of heparin are uncertain. 

Studies conducted in Alzheimer's disease patients demonstrate that administration of zinc (such as elemental zinc 
in the form of sulphate) at a moderate oral dosage such as 50 to 1 00 mg of grams per day over several days (in keeping 
w with conventional zinc supplements obtainable from pharmacies) leads to rapid deterioration of neural functioning as 
demonstrated by a severe loss of cognitive function with mini-mental state examination (Folstein et al.. 1975) scores 
deteriorating from moderately demented levels to unrecordable. Eye movement abnormalities and general lev Is of 
self care worsened over the period of supplementation. In contrast, healthy volunteers showed no ill effects from zinc 
supplementation. 

75 The results obtained from Alzheimer's patients is consistent with a neurotoxic response to zinc metabolism in the 

brain in Alzheimer's disease. 

In one aspect of this invention Alzheimer's disease and other neurological disorders are treated, ameliorated and/ 
or prevented by administering to a patient in need of such treatment a therapeutically effective amount of a zinc binding 
agent which agent is capable of binding a divalent or trivalent cation and thereby modulating its interaction with APR 

20 More particularly, the cation is a divalent cation and even more particularly is zinc and the binding agent is a zinc 
binding agent. This modulation may comprise reducing the bioavailability of zinc due to the formation of complexes 
with zinc thus reducing free zinc. Zinc binding may, for example, take place in the gastrointestinal tract, in the blood 
stream and/or in the brain, such as at an extracellular and/or intracellular level. 

Any pharmaceutical^ acceptable zinc binding agent may be employed in this invention. Particularly preferred are 

25 binding agents which are capable of crossing the blood/brain barrier and thus modulate free zinc concentrations within 
the brain at an extracellular and/or intracellular level in order to restore aberrant zinc levels in the brain thus protecting 
against improper APP processing which may give rise the amyloid protein. Examples of zinc binding agents (such as 
chemical chelators) include phytic acid and derivatives thereof (such as phytate), desferrioxamine, sodium citrate, 
ethylene diamine tetra acetic acid (EDTA), and zinc specific chelating agents based on heterocyclic pyridones such 

so as 1,2-diethyl-3-hydroxypyridin-4-one (CP94) and l-hydroxyethyl-3-hydroxy-2-methylpyridin-4one (CP40) (Hilder et 
al., 1990), which agents may be capable of crossing cell membranes (CP94) or incapable of permeating cells (CP40). 

' Zinc interaction with APP may be modulated by diet, by administering to patients a low zinc diet, or removing dietry 
sources of zinc. Zinc is enriched in numerous foodstuffs. Prominent amongst these are oysters, crab, beef, liver and 
other seafood and animal products (Stanton, 1 992). The bioavailability of zinc is inhibited by unprocessed wheat bran, 

35 high alcohol and various proteins. Avoidance of animal products combined with a diet containing unprocessed fibre, 
such as wheat bran, may reduce the bioavailability of zinc and hence reduce the contribution of zinc to neurotoxicity 
Thus, in accordance with this aspect there is provided a method for treating/ameliorating or preventing Alzheimer's 
disease which comprises administering to a subject in need of such treatment a diet low in free zinc. 

The term •modulate* extends to the use of pharmacological agents which disrupt zinc transport mechanisms across 

40 cell membranes. Like other metal ions, such as iron and calcium, zinc is transported into cells via a zinc transport 
system (currently poorly characterised) which may involve one or more proteins and/or lipids and/or carbohydrates 
which regulates zinc flow across membranes. Pharmacological agents which disrupt one or more components of the 
zinc transport system may be used to block zinc uptake from the intestines as well as zinc transport into and out of 
cells in the braia Accordingly, there is provided in this aspect a method for modulating zinc interaction with APP which 

45 comprises administering to a subject a pharmacological agent capable of blocking one or more components of the zinc 
transport system so as to reduce zinc uptake. Using such agents it may be possible to correct the maldistribution of 
zinc in extracellular and intracellular compartments in Alzheimer's disease. The term "modulate" further extends to 
means for affecting the interaction of the cations to APP. Such means include, for example, changes in pH. "Modulate" 
also extends to altering zinc metabolism with agents such as iron supplements which, for example, suppress zinc 

50 absorption from the gut and promote zinc elimination, or by blocking the cation binding site on APP or on the cation 
responsive promoter region of the APP gene, for example with cupric ions. 

Administration of zinc binding compounds and pharmacological agents capable of disrupting the zinc transport 
system may be by parenteral or oral administration although all other known modes of administration are contemplated 
by the present invention. 

ss Sustained high concentrations of extracellular zinc (greater than 200 u,M) are known to be neurotoxic. Zinc con- 

centrations in hippocampal synapes briefly reach 300 u.M during synaptic transmission. The disruption of extracellular 
zinc metabolism may be an important step in the neurotoxic mechanism that accompanies amyloid d position in Alzhe- 
imer's disease. The findings disclosed herein support the proposition that APP is important in the regulation of neuronal 
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zinc compartmentalisation. An abnormality of APP metabolism may consequently cause an abnormality of zinc me- 
tabolism /WstFate^ to remedy this abnormality in Alzheimer's disease would involve the restoration of normal APP 
metabolism, for example by r versing th abnormal APP protease resistivity that occurs in Alzheimer's disease, or by 
treating the Alzheimer's disease patient with supplements of normal APP 
5 It is to be understood that aspects of this invention involving modulation of zinc levels run counter'to previously 

proposed therapies which suggested Alzheimer's disease may be associated with zinc deficiencies and thus proposed 
administering zinc to patients suffering from Alzheimer's disease. As described herein it has been found that admin- 
istration of zinc to Alzheimer's disease patients worsens the disease, this being evaluated by standard neurological 
testing. 

io It has surprisingly been found that Alzheimer's disease may be detected by administering to a subject a challenge 

of zinc, and thereafter testing neurological function according to one or more standard tests as are well known in the 
art. When compared to non-Alzheimer's normal controls, a person suffering from Alzheimer's disease shows a decrease 
in cognitive abilities as well as a decrease in other standard neurological function tests. One convenient test is an 
assessment of eye movement to visual stimuli which is reduced markedly in Alzheimer's disease patients on zinc 

is challenge compared to normal controls. The amount of zinc administered to a subject in a challenge test would gen erally 
comprise from 50 to 500 mg or more. The precise amount of zinc administered in a test is not crucial and would generally 
be based on minimising side effects to zinc administration in Alzheimer's patients. 

Thus, in a further aspect of this invention there is provided use of zinc in the formulation of a diagnostic for obtaining 
information concerning neurological function and hence determining the existence or nonexistence of Alzheimer's 

20 disease in a patient. 

A method for detecting Alzheimer's disease according to this aspect may comprise administering to a subject a 
challenge of zinc and thereafter assessing neurological function, where a decrease in neurological function compared 
relative to normal controls is indicative of Alzheimer's disease. 

The zinc challenge may be administered to a patient in various ways, such as orally, intravenously, intramuscularly, 
25 transdermal!* rectally, intranasal^ and the like. Oral administration is preferred. As mentioned above, the amount of 
zinc administered to a patient in a challenge test is not critical as long as the amount administered is capable of evoking 
a response in Alzheimer's patients without precipitating severe disease symptoms. 

The present invention is further described by reference to the following non-limiting figures and examples. 

In -he Figures: 

30 FIGURE 1 is a photographic representation showing immunoblots comparing Alzheimer's disease and age 

matched control plasma APP. Plasma heparin-Sepharose eluates (65 ng) were analysed by 3.5% (w/v) SD5 polyacr- 
ylamide gel electrophoresis and immunoblotting with MAb 22C11 which recognises an amino-terminal epitope (see 
Example 1 ). The relative molecular mass of standard protein markers (Rainbow Standards, Amersham, UK) are shown 
on the left. APP immunoreactive bands of 130, 110 (a doublet), 65 and 42 kDa are indicated by arrows to the right. 

35 Only the relative abundances of the 1 30 and 42 kDa APP forms, as in the sample illustrated, could visibly discriminate 
between Alzheimer's disease compared to (Figure 1A) non-demented elderly controls and (Figure 1B) normal young 
control populations. 

FIGURE 2 is a photographic representation showing a comparison of APP proteolytic activity from Alzheimer's 
disease (B) and control plasma (A). Heparin-Sepharose purified APP from plasma of Alzheimer's disease and control 
40 cases were incubated for 2 hours at 37°C in saline buffer in the presence or absence of 20 u,M Zn 2 +. Samples (65 ug 
of protein) of each incubation were analysed by electrophoresis on 8.5% (w/v) polyacrylamide gels and immunoblotted 
with 22C1 1 .-The relative molecular mass of standard protein markers (Rainbow Standards, Amersham, UK) are shown 
on the left. r 

APP immunoreactive bands of 130, 110, 65 and 42 kDa are indicated by arrows on the right. The figure shows 
45 samples representative of six Alzheimer's disease cases and six normal young adult controls. 

FIGURE 3 is a photographic representation of a Western blot of platelets and plasma from gray platelet syndrome 
compared to control. An aliquot of 65u.g of plasma purified by heparin-Sepharose chromatography and 50u.g of washed 
whole platelets from a patient with gray platelet syndromes (GPS) were compared to similar preparations obtained 
from a young adult control. The samples were analysed by 10% (w/v) polyacrylamide mini-gel electrophoresis and 
50 immunoblotted with 22C.1 1 . The relative molecular mass of standard protein markers (Rainbow Standards, Amersham, 
UK) are shown on the left. The positions of major immunoreactive bands in normal platelets (130 and 110 kDa) and a 
minor band (65 kDa) are indicated by arrows on the right. 

FIGURE 4 is a graphical representation showing a time course analysis of 65 2n binding to human brain 130/110 
kDa APP Amyloid protein precursor (APP) was purified according to the method in Moir et al. (1992). The preparation 
55 of purified 130 and 110 kDa APP was derived from human brain m mbrane extracts and contained the full-length 
precursor with carboxyi terminus intact but lacked the 17 residue signal peptide. The 1 30 and 110 kDa proteins were 
apparent in equal ratios on silver staining following polyacrylamide gel electrophoresis and were the only bands visible. 
The identity of these two proteins was confirmed by Western blots with monoclonal antibody 22C11 (which recognises 
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an amino terminal epitope on APP). and by amino t rminatsequencing. The protein cone ntration of the APP prepa- 
ration Z defined by amino acid analysis. Aliquots of APP (90 ng. .1.1 pmo. . assuming th. av rage am.no acd 
SSnSSSaWP is =80 kDa) wer incubated at 20'C tor the tim s indicated. Incubation. (50 ul) were performed 
SS^SS^M Tris-Hcl. pH 7.4 in the presence of 10» cpm of «Zn (1 75 nM). The incubation so.ut.on was then 
Lppned to a 1 b d volum Sephadex G25 (Pharmacia. Uppsala. Sweden) column pre^quilibrated wnh 150mM 

anafysis of me desalting properties of the co.umn wrth mrxtures of Dextran B.ue and potassium d^hromate so.u .on 
fndicated th* >95% of the protein in the incubation mixture would be desalted into this volume w,th no detectab. f r e 
S Present T^e desalted protein was collected directly into counting tubes containing 10 ml aqueous counts , ««- 
tiSam Less two Minutes was required to complete the desalting. The amount of «*n bound to desalted APP was 
detemined by'ounting the collected samp.e in a beta^ounter set to the broadest channel. Counting was de,em,ned 
to beT% effLnt The values shown are means ± SD of n * 3 readings. These data indicate that rapd b,nd,ng of Zn 
to APP occurs (= 30% of Bmax at 5 minutes) and reaches a maximum at 30 mins. 

FIGURE 5 is ^graphical representation showing a competition analysis of «Zn binding to human brain 130/110 
kDa APP AHquots of APP were incubated for 30 minutes with «*Zn as in Figure 4. The binding of the lab. led Zn- to 
APP was subiSed to competition with unlabe.led Zn- in the form of the chloride salt. Data shown .ndicate ». conv 
TemZcu^eLxe* * pH 6.4 and 7.4. The binding of Zn- to APP deteriorated at the lower P H (=45% of Bmax. 
pH 7 4) The vales are mfeans ± SEM of n > 3 readings. The curves illustrated are typ.cal of three 

FIGURE 6 is a graphical representation depicting a Scatchard analysis of "Zn bmd.ng to human brain 130 110 
kDa APP Derrved from the data points in Figure 5. Scatchard analysis reveals that the dissociate constant (Ko) for 
the Zn- binding site on APP is 764 nM at P H 7.4 and 2.08 uM at P H 6.4. One APP molecule binds one z.nc .on. 

FIGURE 7 is a graphical analysis showing a specificity study of the Zn- binding site on APP. 

(a) APP incubation with *Zn and competing unlabeled Zn- was performed under the conditions detailed in Figure 
5 n addition the effect of competition for Zn- binding by Ca- and Mg- is shown. The values are means ± SEM 
of n > 3 S ngs. The competUion curves for Ca- and Mg- are shifted greater than two log unrts to the nght of 
me Zn- competition curve, indicating that the binding site is more specific for Zn- at phys.olog.cal concentrat ons^ 
bComparis^ was madeoftheabil^ofothermeta. ions tocompetewimss^ 

wi h <*zn and competing unlabelled metal ions (at 20 uM) were performed under the condrtions detaded in Figure 
5 The7a.ues are means ± SEM of n > 3 readings. Zn- could compete >97% of the label off the APP at 20 uM. 
Co- was the next most competitive metal ion. competing =70% of the label off the APP at the same concentrate. 

FIGURE 8 is a photographic representation showing an analysis of immunoreactive APP in plasma by western 
blot. APP immunoreactive proteins in heparin-Sepharose eluates from plasma were analysed by 8.5% SDS ^lyacr- 
ylamide gel electrophoresis and western blotting with mAb 22C11. Lane 1: Heparin-Sepharose ^.<V P ^ ( <* 
la of protein) Lane 2: Heparin-Sepharose eluate immunoprecipitated by ant.serum 90/3 (raised aga.nst fu Nength 
human brain APP) Lane 3: Heparin-Sepharose eluate immunoprecipitated by the prebleed to antiserum 90/3. Lane 
4: Heparin-Sepharose eluate immunopreciprtated by anti-Fd-APP (raised against APP fusion protein). The relatrve 
molecular masses of standard protein markers (Rainbow Standards. Amersham, UK) are shown on the left. APP .m- 
munoreactive bands previously reported'* of 1 30. 110 (a doublet). 65 and 42 kDa. are indicated by arrows on the right 

FIGURE 9 is a graphical representation of scattergrams of reflectance analysis of immunoblots comparing AD and 
control plasma APR The distribution of plasma APP immunoreactivity was analysed by reflectance as detail d in Table 
1 Solid lines indicate the means for each subgroup. A significant difference in the levels of 130 and 42 kDa spec.es 
of APP was seen between AD and pooled control groups. Therefore, further analysis was performed on the differences 
in the concentrations of these species between these groups, (a) Proportions of 130 kDa APP in the AD ^group .and 
individual control groups. The means proportion ot 1 30 kDa APP species ranged approximately 50% to 80% (p< 0.05 
Scheffe 1959) greater than the AD group compared to each control group. The dotted line indicates a suggested 
threshold for a biochemical characterization of AD providing 91 % specificity and 78% sensitivity, (b) Proporfons of 42 
kDa APP concentrations in the AD group compared to the individual control groups. The mean proportion of th 42 
kDa APP species ranged approximately 30% to 40% (p< 0.05; Scheffe. 1959) tower in the AD group compared to th 
young adult and the age-matched control groups. The dotted line indicates a threshold for a biochemical charact n- 
zation ol AD providing 85% specificity and 50% sensitivity. 



55 



EP 0 613 560 B1 



EXAMPLE 1 

MATERIALS AND METHODS 
Materials: 



All reagents were analytical grade except for the Tris-HCI which was electrophoresis grade (BioRad) to avoid 
contamination with traces of zinc. 65 Zn was purchased from Amersham (U.K.). 

10 Case selection: 

Alzheimer's disease cases met NINCDS/Alzheimer's diseaseRDA clinical criteria (McKann ef a/. 1984) and had 
Mini-mental state (Folstein et al, 1975) scores of less than 17. Age-matched controls each underwent a Mini-mental 
state examination and were excluded if they scored less than 28. The different neurological diagnoses used as non- 
75 demented neurological disease controls (n = 6) were epilepsy, demyelinating disease, hydrocephalus and three cases 
of cerebrovascular disease. All volunteers were in stable hearth, not suffering any acute illness, at the time of th study. 

Partial purification of AP¥> from plasma: 

20 Blood (20-40m!) was drawn from fasting individuals within a 21 -gauge needle into heparinized collection tubes 

and centrrfuged at 2500 g for 15 minutes. The plasma supernatant fraction was separated from the blood cell pellet 

and centrifuged at I9,000g for 25 minutes at 4°C (J2-21 centrifuge, Beckman, USA) to remove any debris. 

To detect APP by Western bloting, APP was partially purified from plasma by heparin-Sepharose chromatography. 

Plasma (2 5ml) was loaded onto a 0.25 ml bed volume heparin-Sepharose (Pharmacia, Uppsala, Sweden) column (8 
25 mm x 5 mm) pre-equilibrated with buffer 1 (175 mM NaCI, 50 mM Tris-HCI. pH 7.4) at 4*C. The column was then 

washed with 3.25 ml buffer 1 and the APP eluted with 750 |J elution buffer (550 mM NaCI, 50 mM Tris-HCI, pH 7.4). 

Protein concentration was determined with BCA using bovine serum albumin standards (Pierce, Rockford, IL USA) 

according to the method of Smith et al. (1 985). 

Washed playlets were prepared according to the method of Bush et al. (1 990). Platelets (1 .2 x 1 0?) were solubilized 
30 in 30 »\ of sample buffer (100 mM Tris-HCI. 2% (w/v) sodium dodecyl sulfate (SDS). 0.01% (w/v) Bromophenol blue. 

5% (v/v) p-mercaptoethanol (pH 6.8) and boiled for 10 minutes before Western bloting from polyacrylamide gels. 

Plasma zinc assay: 

35 Zn* + assays were performed by atomic absorption spectrophotometry according to the method in Davies et al. 

(1968). 

Western bloting: 

40 Western bloting procedures were as described by Bush et al. (1990). Blots were probed with a mouse monoclonal 

antibody (mAb) 22C1 1 (Boehringer Mannheim. Munich, Germany), which recognises an epitope on the amino^ermmus 
of APP (15>, diluted 1:60,000 in blocking buffer. Plasma samples in this series of experiments were separated on 8.5% 
(w/v) polyacrylamide gels unless otherwise stated. Using these conditions, the 110 kDa APP immunoreactive band 
resolved into a .doublet. However, for the purpose of the present analysis the sum of the signals generated by the 

45 doublet are regarded as belonging to the one 110 kDa region. 

Reflectance analysis of blots: 

Reflectance analysis of blots was carried out by video-capture with a Videk Megaplus camera (Kodak, Ca- 
50 nandaigua, NY, USA) operated by PixelTools v1.1 (Perceptics, 1990). Quantitation was then performed with Image 
vl. 29 sottware (W. Rasband, National Institutes of Health Research Services Branch, NIMH) which facilitat d precise 
alignments of the individual blot lanes with the reflectance profile and the setting of exclusion limits of individual peaks 
in the four regions of interest at 1 30, 110, 65 and 42 kDa. The integrated reflectance (area under the curve) was thus 
computed for each of the four peaks in every sample. The values obtained were linear with concentration for each 
55 region over a range of plasma heparin-Sepharos luate doses (20-90 pg of protein). 

To compare the relative amounts of the tour APP derivatives, the relative percentage of band signal to total lane 
signal was determined in each plasma sample and th n averaged to give th values presented in Table 1 . Independent 
samples Student's t-tests between pooled controls and Alzheimer's disease groups were performed for the four im- 
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between a., pairs o, Agnostic groups ( A. 2 heim J. disease, other neuro.og.ca. d,sease con,ro,s. 
noT^aTyoung adult controls and non-demented age-matched controls) were then performed. 

5 

Assay of APP-degrading prot ase: 

Aliquots (500 uJ) of eluates from each heparin-Sepharose column were desalted using a 1.7 ml Sephadex G25 
(Phalact Uppsata. Sweden) column (8 mm x 34 mm) equilibrated with 175 mM NaCI. 50 mM Tns-HCI. 1 mM CaC£ 

,o Sa P H 7 4 in the presence or absence of 20 uM ZnC 2 at 4'C. and the prote.n concentrat-or, adjus edto 
0 sTmX with the sam e buffer. The samples were then incubated at 3T for 2 hours, then an aliquot (81* pi) was 
?emoTand the protein in each aliquot was precipitated with chlorotorrrVnnethano. (Wesse. and F.ugge. 1 984). boded 
in qns samoie butter and analysed by Western bloting using MAb 22C1 1 . 

?hV3£. T^ibitors of vartous classes of proteases were assayed by adding them to these incubation m,*ures 

,5 and 2 eSheir ^fluence upon the degradation of 130 k Da APR A sample ^^^T^^^ 
from the olasma of a normal young adult control was desalted into Zn^-buffer (175mM NaCI. 50 mM Tris-HCI. 1mM 
CaC. 1 mM Mgct 20uM ZnC^. pH 7.4). Aliquots (containing 65ug protein) were di.uted to 0.80 mg/ml wrth the same 
b^^^P*-* innibitor. then incubated for 2 hours at 37'C. Protein was precipitated ,n each sample by 
the adSn TchlorofomVmethanol (as above) and immunoblotted. The final concentrations o .nhibrtors in the «cu- 

2 o ba i- mSurts were EDTA (1 mM). diisopropy.fluorophosphate (DFP) (1 mM). ^^^^^^ 
(NEM) (1 mM). pepstatin A (10 ug/ml). a1-antichymotrypsin (0.4 ma/ml) and soya bean tryps.n mh.brtor (SBTI) (1 mg/ 
ml). The effects of A1 3 C1 (20 u.M) and heparin (20 U/ml) were also measured in this system. 

Brain APP preparation: 

Amyloid protein precursor (APP) was purified according to the method in Moir et al. (1992). The Preparations of 
ourified 130 and 110 kDa APP were derived from human brain membrane extracts and conta.ned the full-length APP 
intact, but fccked the 17 restfue signa. peptfle. The 1 30 and 110 f^^^g^ 
in equal ratios on silver staining following polyacrylamide gel electrophores.s, and were the only bands visible. Th 

3 o iden^ 

an 1L terminal eprtope on APP [Weidemann et a... 1989]). and by amino term™, sequencmg. The protein concen- 

tration of the APP preparations was determined by ammo acid analysis. 

Human serum preparation: 

35 40-60mlofwholebloodwasallowedtoc^^ 

for 16 hours at 4'C. whereupon it was centrrfuged at 1500 g for 15 minutes and the supernatant removed. The s rum 
was further centrifuged at 1500 g for 15 minutes and the cell-free supernatant removed. 

40 65zrj2* binding to APP: 

Binding anarysis was performed as f oltows: Aliquots of APP (90 ng. =1 .1 pmole. assuming "*! 
formula mass-of APP is =80 kDa) were incubated at 20'C. Incubations (50 ul) were performed in 1 50mM NaCI 50mM 
Tris-HCI pH 7 4 in the presence of 10« CPM of ^Zn (175 nM). The incubation solution was then applied I to a 1.1 ml 

45 bed volume Sephadex G25 (Pharmacia. Uppsala. Sweden) column pre-equilibrated with 150 mM NaCI. 50 mM Tns- 
HCI pH 7 4 and allowed to settle before being desalted with 645 ul of the equilibration buffer. Previous analys.s of the 
desalting properties of the column with mixtures of bovine serum albumin and potassium dichromate solution indicated 
that >95% of the protein in the incubation mixture would be desalted into this volume with no detectable Ire sal 
present The deslated protein was collected directly into counting tubes containing 10 ml aqueous counting sentient 

so (ACSII. Amersham). Less than two minutes was required to complete the desalting. The amount of <*Zn bound to 
desalted APP was determined by counting the collected sample in a beta<ounter set to the broadest channel. Count.ng 
was determined to be 51% efficient. The binding of the labelled Zr?+ to APP was subjected to competrtion w.th unla- 
beled Zn 2 " and other metal chloride salts. 

55 Characterisation of the putativ zinc-binding domain of APP: 

16 ng of the synthesized peptide GVEFVCCPLAEESDNVDSADAEEDDSDVWWGGAD, representing residues 
181-214 of APP 69S (or residues 181-200). or 16 ug of control peptide, was dissolved in 200 uJ of block.ng buff r (50 
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mM Tris-HCI 1 mM MnCI 2 10 mM p-mercaptoethanol. 20%7nethanol. pH 7.4) and dot-blotted onto PVDF (tmmobilon- 
P Millipora^Boto^d. MA) which had been pre-wetted with methanol The blot was then incubated for 30 mins at 20°C 
' with 100 000 CPM of 65 2n 2 - in blocking buffer, in the presence or absence o! various concentrations of competing 
unlabeled Zn** or other divalent cations. After incubation the dot -blot was washed three times with 200 ul of blocking 
buffer without MnCI 2 . the dot was excised and placed in 10 ml of scintillant and assayed by P-counting. 



lodination of APP: 

100 kDa human brian full-length APP was iodinated by the Chloramine-T method, lodinated APP (^l-APP) was 
then separated from labelling reagents by Sephacryl G25 chromatography. 



APP binding to heparin-Sepharose: 

i25|. APP (0.37 pmol. 40.000 CPM) was loaded in 250 uJ of buffer 1 (50 mM Tris-HCI, 0.1% BSA, pH 7.4 ± 1 mM 
EDTA or 25-150 u.M ZnCI 2 ) onto a 0.25 ml bed volume heparin-Sepharose column (8 mm x 5 mm) pre-equilibrated 
with buffer 1 at 20°C. The column was then washed with 6 ml buffer 1 and the APP eluted with aliquots of high-NaCI 
buffers Gradient elutions were performed by eluting in 50 mM increments (700 uJ) of the NaCI concentration from 0 
to 1200 mM followed byW pulse of 2000 mM NaCI (in 50 mM Tris-HCI, 0.1% BSA, pH 7.4 ± 1 mM EDTA or 50 u.M 
ZnCy. Pulse elution of APP bound to heparin-Sepharose employed 700 uJ of buffer 2 (50 mM NaCI, 50 mM Tris-HCI, 
0.1% BSA, pH 7.4 ± 1 mM EDTA or 25-150 u.M ZnCy followed by 700 ul of buffer 3 (100 mM CaCI, 50 mM Tris-Hcl, 
0 1 % BSa! pH 7.4 i 1 mM EDTA or 25-1 50 u.M ZnCI 2 ), followed by 700 uJ of buffer 4 (500 mM NaCI, 50 mM Tris-HCI, 
0^1% BSA*, pH 7.4 ± 1 mM EDTA or 50-150 u.M ZnCI 2 ). followed by 2.5 ml of regenerating buffer (2000 mM NaCI). 

APP binding to heparin-Sepharose was also studied using partially purified APP preparations derived from human 
brain membranes (according to the method of Moir et al, 1 992) or from human serum. Washed brain membrane extract 
or human serum was adjusted to a NaCI concentration of 350 mM and applied to a Q-Sepharose column (5 cm x 5 
cm), washed with 350 mM NaCI. 50 mM Tris-Hcl, pH 7.4 (250 ml [x 2 for brain membrane extract]) and elut d with 1 
M NaCI 50 mM Tris-HCI, pH 7.4 (200 ml at 5 ml/min). This procedure causes an 60-fold enrichment of APP in the peak 
protein fractions, which are then pooled (Moir et al, 1992). The eluate (20 ml) was desalted into 25 mM Tris, pH 7.4 
(30 ml) using aG25 Sephadex column (2.6 cm x 40 cm). 15 ml of the product was adjusted to 50 u.M Zn2+ with 2 mM 
ZnCI 2 . 50 mM Tris-Hcl, pH 7.4 and the other 15 ml was adjusted to the same volume with 50 mM Tris-HCI, pH 7.4. 10 
ml of the deslated Q-Sepharose eluate, containing 6.7 mg protein, was applied to heparin-Sepharose (1 .6 cm x 5 cm) 
at 0.35 ml/min, washed with 100 ml of loading buffer, and eluted by a 0 to 1500 mM NaCI gradient (± 50 u.M Zn 2 +) in 
52.5 ml at a flow rate of 0.35 mUmin. Fractions (1 ml) representing 20 mM NaCI increments were collected and 30 u.l 
samples of each fraction were assayed for APP by Western blot with mAb 22C11 according to the method in Bush et 
al. (1990), modified by using PVDF membranes and by reducing the blocking time to 1 hour. The immunoreactive 
staining of the 1 30 kDa APP species seen on the blots was quantified by computerassisted image capture reflectance 
densitometry (Bush et al., 1 992). The 1 30 kDa reflectance signals on the blots were expressed as the ratio of the signal 
generated in one sample lane related to the 1 30 kDa APP reflectance reading of a sample of starting material present 
on every individual filter as an internal standard. 



EXAMPLE 2 

Abnormal profile of plasma APP In Alzheimer's disease: 

A monoclonal antibody (22C1 1 ), which recognises the amino-terminus of APP (Weidemann et at, 1 989) identified 
four major immunoreactive bands or APP (130, 110, 65 and 42 kDa) in western blots of human plasma (Bush et ah 
1990; Buch et al, 1991). The relative abundance of these bands was surveyed in Alzheimer's disease and controls. 
The 1 30 kDa plasma APP band was increased and the 42 kDa plasma APP band was decreased in Alzheimer's disease 
cases compared to controls. The controls consisted of groups of non<Jemented age-matched persons (Figure 1 A), 
normal young adults (Figure 1B) and other neurological disease patients. There was no consistent difference in the 
levels of the 110 and 65 kDa bands between Alzheimer's disease and controls. The total amount of APP immunore- 
activity did not differ between Alzheimer's disease and control as the ratio of the total immunoreactivity of Alzheimer's 
disease: controls was 1 .02 ± 0.22 (mean ± SD). 

Quantitation of these findings by image capture analysis (Table 1) showed that the 1 30 kDa and 42 kDa bands in 
AD were significantly (two-tailed, p < 0.001) incr ased and decreased, respectively, compared to pooled controls 
(averaged data from other neurological disease controls, normal young adult controls and non-demented age-matched 
controls). In Alzheimer's disease there was a 60% increase in the proportion of the 130 kDa form and a concomitant 
35% decrease in the 42 kDa form. The immunor activity pattern was more evenly distributed in the pooled control 
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group where the most concentrated APP immunoreactivity was in the 42 kDa region. This trend was maintained through- 
out the comparisons made of the Alzheimer's disease cases with the three control subgroups wherepost hjx analysis 
confirm th^ignrnrence of the differ nee between the Alzheimer's disease and each control group in the 130 kDa 
region and between the Alzheimer's disease and young adult and elderly control groups .n the 42 kDa region. _Th.ce 
5 were no significant differences between the mean reflectance proportions of the three control groups .n either the 1 ,30 
or 42 kDa regions. The 110 kDa proportion was substantially higher and 65 kDa proportion substantially lower in the 
age-matched control group compared to the young adult control group. 

Identification of the 110, 65 and 42 kDa plasma APP bands as possible cleavage products of the 130 kDa APP 

to species: 

When plasma APP from heparin-Sepharose eluates was incubated at 37»C for 18 hours, the APP was slowly 
proteorytically degraded with a loss of the 1 30 kDa band and the accentuation of the three lower bands (11 0 kDa 65 
kDa and 42 kDa). Proteolysis was accelerated in the presence of Zn*. The zinc concentration required to tfimu We 
proteolysis was 20 um, which is within the range of the normal human plasma concentration (Dav.es et al, 968). The 
rate of Zn2*-enhanced proteolysis was similar in Alzheimer's disease compared to young adult control samples (Figure 
2) and identical degradation products were found in both groups. This indicated that the lower molecular weight APP 
forms in plasma could be^Jegradation products of the 130 kDa form, and that proteolysis of the 130 kDa form in an 
Alzheimer's disease preparation changes the plasma APP profile towards that of control subjects. 

Zn 2 '-enhanced APP proteolysis of a young adult control preparation over two hours was completely inhibited both 
by EDTA. heparin and the serine protease inhibitors aprotinin. diisopropyl fluorophosphate. SBTI and. incompletely 
inhibited by a, -ACT. Neither A1 3 C1 . the cysteine-protease inhibitor N-ethyl maleimide. nor the acid-proteas inhibitor 
pepstatin A influenced the reaction. 

2S Investigations of the origin of plasma APP forms: 

The APP signal detected by Western bloting was unaffected by ultracentrifugation of plasma (100.000g x 15 min)^ 
Plasma APP. as detected by MAb 22C11 on western blots of heparin-Sepharose eluates. could be .mmunopreaprtated 
by a rabbit antiserum raised against full-length native brain membrane-derived APP (90/3) and also by a rabbit ant.se- 
30 rum raised against fusion protein APP 695 (anti-Fd-APP). but could not be immunoprecipitated by the pre.mmune serum 
of 90/3 or by rabbit antisera raised against synthetic peptides representing the carboxyl terminal 40 (anti-CT) or 100 
(anti-A4CT) residues of APP. These data indicate that the APP forms observed in plasma are- soluble and lack the 
carboxyl terminus. 

To determine whether APP might be processed in whole plasma, fresh plasma from a young adult control was 
35 incubated at 37°C over a period of eight days and the plasma APP assayed by heparin-Sepharose chromatography. 
No significant degradation of the 1 30 kDa APP form was observed over this time, indicating that constitutive processing 

of APP does not occur in plasma. .... « K « 

It has been previously reported that there is no difference between the content of APP in whole platelets or the 
electrophoretic pattern of platelet APP on Western blots in Alzheimer's disease cases compared to controls (Bush et 

ao al 1990) Because other platelet abnormalities have been described in Alzheimer's disease (Zubenko et al, 1987). 
and also because APP is highly enriched in the platelet a-granule (Bush et al, 1 990; Bush et al. 1 991 and Cole et al 
1 990) the possibility that platelet APP release contributes to the level of plasma APP was investigated. Platelets and 
plasma was examined from an individual with gray platelet syndrome (GPS), a congenital abnormality where there are 
greatly diminished contents in the platelet a-granule. The GPS platelets contained <1% of the APP assoaated with 

45 normal platelets (Figure 3). In contrast, the 1 30 kd plasma APP purified by heparin-Sepharose chromatography was 
approximately 50% reduced in GPS compared to the control (Figure 3). These data indicate that the APP species seen 
in plasma are not likely to be an artefact caused by platelet release of APP during plasma preparation, but that platelet 
destruction, possibly in the spleen, may contribute a proportion of plasma APP. 

so EXAMPLE 3 

Studies of th zinc modulation of APP physiology. 

I) Effect of zin loading upon human plasma APP. 

100 mg elemental zinc (as sulphate, in capsules) was given orally to two individuals with Alzheimer's disease 
(NINCDS/ADRDC criteria with abnormal plasma APP profiles) and two age-matched controls (with normal plasma 
APP profiles). Zinc was continued for 7 days and morning tasting bloods collected before the commencement of zinc 
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supplements and three weeks after ceasing th supplement. Western blots with monoclonal ant.body 22C11 were 
carried ouLon£5jia of plasma heparin-Sepharose eluate purified from the samples in the manner prev.ously described. 
The results indicated an increase of 1 30 kDa species plasma APP relative to the other species present, in other words 
a shift towards the profile of APP species that is characteristic of Alzheimer's disease. The two control plasma APP 
s profiles came to res mble Alzheimer's diseas profiles, and the two Alzheimer's profiles worsened. The proportional 
increase in the 1 30 kDa species was approximatefy 20% per day of zinc supplementation. An elderly control volunteer 
who was given a four-fold higher dose over three days demonstrated the same changes in his plasma APP profile 
which persisted for three days after ceasing supplementation. 

io ||) Effect of lowering plasma zinc concentrations upon APP Ievel3. 

Post-prandial plasma zinc levels are known to fall =10% in the hour after the meal. Seven Alzheimer's disease 
volunteers and six age-matched controls were assayed for plasma APP profile and zinc levels both fasting and one 
hour after a standardized breakfast. Both plasma zinc and 130 kDa APP levels fell by =10% and there was a linear 
is correlation between the change in APP level and the change in zinc concentration. 

A young adult volunteer was given an oral dose of 50g glucose while fasting. Both plasma zinc and 1 30. 110 and 
65 kDa APP levels fell by =10% within the first half hour after the glucose dose. Over a period of four hours with initial 
fall and subsequent rebdUnd elevation in plasma zinc concentration was closely paralleled by plasma APP concentra- 
tion as determined by APP radioimmunoassay using an antibody raised against native brain APP (90/3). 

20 

III) Measurement of plasma zinc concentrations in Alzheimer's disease. 

Plasma zinc levels were shown not to be significantly elevated in fasting Alzheimer's disease plasma compared 



25 



45 



to age-matched controls. 

IV) Effect of zinc loading upon rat brain APP. 



1 6 week'old Sprauge-Dawley male rats were injected daily for four days with 1 20mg/kg ZnCI 2 solution. The animals 
were then anaesthetized, bled by intracardiac puncture and their brains removed, homogenized and separated into 
so membrane and soluble fractions following ultracentrifugation. Western blots of heparin-Sepharose eluates of plasma, 
membrane extracts and soluble fractions revealed the development of a novel 80 kDa band in plasma and a =80% 
increase in the amounts of all forms of APP in the zinc-supplemented rats compared to control plasma and brain 
preparations (taken from litter-mates not receiving zinc). 

35 V) Effect of extracellular zinc on cultured PC1 2 cells. 

10 6 PC12 cells were plated for 24 hr in the presence of Dulbecco's modified Eagle's medium (DMEM, N2) sup- 
plemented with 8% fetal calf serum (FCS). The medium was then removed and replaced with DMEM ± 2 to 50 uM 
ZnCU or another salt and no FCS. Cells and media were harvested 48 hr later and aliquots of media, cell cytosol and 
40 membrane (following fysis and ultracentrifugation) were assayed for APP by Western blotting with mAb 22C11 . The 
results of four experiments with duplicated samples revealed that the zinc induced a substantial increase in APP re- 
leased into the media, =50% at 2 uM rising to a peak of =200% at 50 uM FeCI 2 had a similar effect and cuprous and 
aluminium chlorides had far smaller stimulatory effects. Smaller increases in cytosolic APP were seen accompanying 
these changes. and there was no change in membrane associated APP levels. 



VI) Effect of extracellular APP on zinc uptake by PC12 cells. 



10 6 PC12 cells were plated for 24 hr in the presence of Dulbecco's modified Eagle's medium (DMEM, N2) sup- 
plemented with 8% fetal calf serum (FCS). The medium was then removed and replaced with DMEM with no FCS and 

so incubated for a further 24 hr. The cells were then washed (x2 with DMEM) and incubated with DMEM supplemented 
with 10 nM 130/110 kDa purified brain membrane-associated APP carrying 20 000 CPM 65 Zn prepared as in Figure 1 
above. Following varying periods of incubation, the cells were harvested, washed, exposed to Pronase digest.on to 
remove surface proteins and then lysed in scintillant and assayed in a beta-counter. The results indicated that =10% 
o! the counts were internalized in the presence of APP within an hour compared to =4% in the absence of APP (two 

55 experiments with incubations performed in duplicate). These data indicate that APP may play a role in the cellular 
uptake of external Zn 2 *. 
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EXAMPLE 4 



BINDING-OP-ZJWe TO APP 

To determine whether APP binds zinc, incubations of human brain lull-length APP withSSZn** and competing 
concentrations of un.abelled Zn** were performed. Maximal binding was observed at 1 5 minutes (30% 8 at 1 minute) 
which was saturable at a dissociation constant (Kq) of 764 nM at pH 7.4 and 2.08uM at pH 6.4. The binding of "Zn * 
to APP was specific for all competing meta. ions, including Ca** and Mg**. with Co** the most compete capable 
to compete off 70% of B max at 20 uM. Heavy metals. Cu** and A0* were able to compete off =60% of B max at 20 uM. 
The stoichiometry of Zn^-binding at APP was 1:1. . . 

A putative Zn** binding site was identified by trypsin digestion of APP followed by amino-termina. sequencing^ 
a 6 kDa digestion fragment which bound to Zn**-charged chelating-Sepharose. The fragment sequence was FRG VE- 
FVXXPLA To further characterise and confirm the Zn**-binding properties of this reg.on of APP. candidate synthetic 
peptides were studied by dot blot. A syntheuc peptide representing residues ,81 -214 of 

a saturable and specific manner. The role of the cysteine residues in contr.but.ng to th.s pept.de s ab,lrty to bind "Zn* 
was determined by studying the ability of the same peptide to bind «Zn** where the cystemes .n me pept.de had been 
modified by carboxyamidomethylation. and by studying «Zn** binding to another synthefc peptide representing res- 
idues 189 220 of APP 6 « W lacking the cysteine residues at positions 186/187. Both of these peptides were able to 
bind «Zn** significantly above background, but to only approximately 15% of the amount of «Zn** bindmg that oc- 
curred using the same quantity of 181-214 peptide (or 181 to 200), indicating that the cysteine res.dues are obl.gatory 
for the zinc-binding properties of this peptide. Similar quantities of other peptides represent^ other reg.ons of the 
APP molecule (residues 422-433, 581 -601 . 645-655) and other control peptides (renin and Insulin A cha.n) were unable 
to bind Zn** whereas the positive control (Insulin B chain) bound 65 Zn**. 

To explore the functional significance of Zn2 + binding to APP. the effect of Zn** on heparin binding to APP derived 
from three sources; iodinated purified brain APP, partially purified unlabeled human brain APP. and partly -purified 
unlabeled human serum APP. were studied. The amount of brain APP binding to heparin was increased =50 /. by the 
presence of 50uM Zn** specifically. The increase in ^l-APP binding to heparin reached a plateau ; at 75 uM Zn . Zn 
increased the proportion of higher-affinity binding of APP to heparin, increasing the J?* 
covered from the 50-2000 mM NaCI elution fraction by approximately 3-fold m the present of 50uM Zn** and by 4.5-fold 
in the presence of 100uM Zn**. Ca** and Mg** did not alter the profile of ^l-APF- elution. Co*- at 75uM increased 
the recovery of ^l-APP in the 100-500 and 500-2000 mM NaCI fractions, and Al** decreased the recovery of I- 
APP except m the 500-2000 mM NaCI fraction where recovery was increased approximatefy 4.5-fold. Zr><* at 50U.M 
had a similar effect on the NaCI gradient elution profile of partially purified brain APP bound to hepann-Sepharose. 
The presence of Zn** caused an increase in the amount of APP recovered in all fractions from 1110 to 1644 reflectance 
units an increase of 48%. and also caused an increase in APP recovery in fractions eluted by NaCI concentrations 
above 520 mM Despite the increase in APP recovery in the eluted fractions, protein assay showed a 13% reductton 
in the amount of eluted protein, indicating that the presence of Zn** increased the specificity of APP binding I to 
heparin ^I-APP recovery occurred over a range of NaCI concentrations 200-300 mM lower than partially punfl d 
brain APP elution. This may be the result of radiofytic or oxidative damage to the APP molecule during xxJ.nat.on. 
although the possibility that the elution of partially purified APP is influenced by co-purified matenal cannot yet be 
excluded 

The presence of 50pm Zn** promoted a smaller increase in the binding of partially purified serum APP to hepann- 
Sepharose' In serum samples, the increase in APP recovered from the NaCI elution was =10%. however protein assay 
of recovered fractions indicated that, unlike the effect of Zn** upon heparin-Sepharose chromatography of partially 
purified brain proteins, the effect of Zn** upon the heparin-Sepharose chromatography of partially punf.ed serum was 
to increase the amount of protein recovered by 12%. Unlike its effect on the brain-derived APP salt elution profile, the 
presence of Zn** in the heparin-Sepharose chromatography of serum-derived APP did not increase the proport.on of 

higher-affinity binding. u-r„2» 

The effect of Zn** in modulating heparin binding to APP was also studied in a Biosensor system. At lOOuM. Zn 
was shown to strongly promote heparin binding to APP purified from rat brain. This effect was most pronounced and 
most specific for Zn**. as opposed to the absence of divalent cations or the presence of Ca**. Mg** or Co 2 *, and was 
most evident when the heparin.APP ratio was low. Concentrations of Zn** as low as 50 nM had a marked effect on 
increasing heparin binding to rat brain APP. Zn*- at 50 nM promoted a =170% increase in heparin binding, th effect 
saturating at 70 uM. 
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EXAMPLE 5 

heparin"protects app from proteolytic cleavage zinc ABOL.SHESTHE protective effect of 

HEPARIN 

m~>K fin n 0 , Mannheim! was studied to del rmine whether it was modulated by 
The proteolytic activrty o trypsin <^W^J^J una|tered as measured by 

a range of doses ol hepann (S.gma) and ZnCfe Both hepan .ana ^ 2 ^ asfj 
its ability to Ceave a (.uorogenic synthenc ^"^^^^J^^. Digestions o, human brain 
to emp.oy in studies ot the modulator, ^J^^^^^c^ out w*h trypsin in an amount ratio 
membrane-derrved APP (wh-ch '"™%^J^£^pp using the APP binding monoc.ona. antibody 
ot 1 :64 (enzyme:substrate) lor one hour at 37 ^^T?° ^ and to d a etect brea kdown products. It was found 

s;~=!:=r r cissr-- . — * - - - - . - 

brain APP d^d--* «P* /^S~TXha^o i«C me ,a„ C APP M> by 1^ In 



EXAMPLE 6 

ADMINISTRATION OF ZINC IN ALZHEIMER'S DISEASE (AD) 



ZZT^'Zt^l"^ from the zi~ supplementation. The two AO volunteers because 

Ip^se . line supplement. When zinc supplementation was ceased. cognitive tunchon returned 1= .he p,e- 

" XCe'^SlpMnc and hepa* Is currently no, we,, understood. a»hough „om ^*-Hp,,on 
herel « "cleaTL both zinc and heparin interact with APP through specific bindhg sues modulatmg its stab ity to 
paXisS^ 

z „S hepTrbinding sites on the APP molecule which modulate Its stability. This invent-on e* ends to 
me inteniS o. zinc and/or heparin and/o, other agents with APP to treat, ametiorate or prevent Alzheimer's drsease 
and other neuroloqical disorders associated with aberrant processing of APP. .^mnHifi 
Thie ski ed in the art will appreciate that the invention described herein is suscept,ble to variation, and modrf. _ 
catio^sTher han those specifically described. It is to be understood that the invention includes an such vamfton. and 
mS^ons T^e invention also includes all of the steps, features, compositions and compounds referred to > onnd,- 
Ns sp?c«i atbn. individually or collectively, and any and all combinations ol any Iwo or more of said steps or 



cated in 
features 



Table 1. Ratios of plasma APP forms analysed by image capture in Alzheimer's disease and controls. 

Heoarin-Sepharose eluates of Alzheimer's disease and control plasma samples were immunobloned t *; t, ; m ^ 
22C? an the Seances of the bands at 1 30. 110. 65 and 42 kDa w re measured by co^ul.r-a«»« ™* 
caoture analysis (see Exampl 1 ). The relative amounts of th four APP denvatrves. as percentages of tota I lane agna . 
were derl" ( !n each plasma sample and averaged to give the values presented her . Independent samples ,- 
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tests between pooled controls and Alzh imefs disease gtoups were performed in the tour7egions at a s.gnrf.cance 
,evelo10 0125 Comparisons weresignfficantforc^^^ 

between aTp-alrTS! diagnostic groups (Alzheimer's disease, other neurological diseas controls normal young adult 
controls andnon-dementedage-matchedcontrols)werethenpertormedtorthe130and42kDabands(seeExamplei). 
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Claims 

40 1 . The use of a zinc binding agent or an agent capable of blocking one or more components of a zinc transport system 
so as to reduce zinc uptake or an agent which reduces the bioavailability of zinc or an agent capable of suppressing 
zinc absorption, promoting zinc elimination or blocking the cation binding site on APP or on the cation responsive 
promoter region of the APP gene in the preparation of a medicament for treating Alzheimer's disease. 

45 2. The use according to claim 1 wherein the zinc binding agent is one or more of phytic acid and its derivatives. 

desferoxamine, sodium citrate, EDTA, l,2-diethyl-3-hydroxypyridin-4-one and 1 -hydroxyethyl-3-hydroxy-2-meth- 
ylpyridin-4-one. 

3. The use according to either of claims 1 or 2 wherein the medicament comprising the zinc binding agent is formulated 
50 so that it is suitable for oral administration. 

4. The use of zinc in the formulation of a diagnostic for obtaining information concerning neurological function by 
administering a challenge of Zinc and thereafter testing neurological function and hence determining the existence 
or non-exist nee of Alzheimer's disease in a patient. 

55 

5. The use according to claim 4 wherein the diagnostic is in a form suitable for oral, intravenous, intramuscular, 
transdermal, rectal or intranasal administration. 
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6. The use according to claim 5 wherein administration is-oral. 



Patentanspru h 

5 

1. Verwendung eines Zinkbindemittels Oder eines Mittels mit der Fahigkeit zur Blockade einer oder mehrerer Kom* 
ponente(n) eines Z in kt ran sportsy stems zur Verminderung der Zinkaufnahme oder eines die biotogische Verfug- 
barkeit von Zink vermindemden Mittels oder eines Mittels mit der Fahigkeit zur Unterdruckung einer Zinkabsorption. 
zur Forderung einer Zinkeliminierung oder zur Blockade der Kationenbindungsstelle aut APP oder auf dem Kat- 

w ionenansprechpromotorbereich des APP-Gens bei der Herstellung eines Medikaments zur Behandlung von Alz- 

heimer-Krankheit. 

2. Verwendung nach Anspruch 1 , wobei es sich bei dem Zinkbindemrttel urn eine oder mehrere Verbindung(en), 
namlich Phytinsaure und ihre Derivate, Desferrioxamin, Natriumcrtrat, EDTA, 1 ,2-Diethyl-3-hydroxypyridin-4-on 

is und 1 -Hydroxyethy!-3-hydroxy-2-methylpyridin-4-on, handelt. 



Verwendung nach einem der Anspruche 1 Oder 2, wobei das das Zinkbindemittel umfassende Medikament so 
formuliert ist, daB es fur eine orale Verabreichung geeignet ist. 

Verwendung von Zink bei der Zubereitung eines Diagnostikums zum Erhatt von Information betreffend die neuro- 
logische Funktion durch Verabreichen einer Zinkprovokation und anschlieGendesTesten derneurologischen Funk- 
tion und folglich Bestimmen des Vorliegens oder Fehlens von Alzheimer-Krankheit bei einem Patienten. 

Verwendung nach Anspruch 4, wobei das Diagnostikum in einer zur oralen, intravenosen, intramuskularen, trans- 
dermalen, rektalen und intranasalen Verabreichung geeigneten Form vorliegt. 

Verwendung nach Anspruch 5, wobei die Verabreichung oral erfolgt. 
30 R even dicat ions 

1 . Utilisation d'un agent de liaison du zinc, ou d'un agent capable de bloquer un ou plusieurs composants d'un systeme 
de transport du zinc, de facon & reduire ('absorption de zinc, ou d'un agent qui reduit la biodisponibilit^ du zinc, ou 
d'un agent capable de supprimer Pabsorption du zinc, de favoriser I'elimination du zinc ou de bloquer le site de 

35 liaison aux cations sur I'APP ou sur la region promoteur repondant aux cations sur le gene de PAPP dans la 

preparation d'un medicament pour le traitement de la maladie d' Alzheimer. 

2. Utilisation selon la revendication 1 , dans laquelle I'agent de liaison du zinc est constitue d'un ou plusieurs composes 
parmi Pacide phytique et ses derives, la desferrioxamin e, le citrate de sodium, PEDTA, la 1 ,2-diethyl-3-hydroxypy- 

40 ridin-4-one et la 1-hydroxyethyl-3-hydroxy-2-methylpyridin-4-one. 

3. Utilisation selon Pune quelconque des revendications 1 ou 2, dans laquelle le medicament comprenant I'agent de 
liaison du zinc est formule de telle sorte qu'il convienne & une administration orale. 

45 4. Utilisation du zinc dans la formulation d'un dispositif de diagnostique pour obtenir des informations concernant 
une fonction neurologique en effectuant une stimulation au zinc et en testant ensuite la fonction neurologique, et 
determiner ainsi Pexistence ou la non existence de la maladie d' Alzheimer chez un patient. 



20 4. 



25 



5. Utilisation selon la revendication 4, dans laquelle le disposrtf de diagnostique est sous forme convenant une ad- 
50 ministration orale, intraveineuse, intramusculaire, transdermique, rectal ou intranasale. 

6. Utilisation selon la revendication 5, dans laquelle Padministration est orale. 

55 
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FIGURE 6 
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FIGURE 7 (b) 
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